In this work, various types of additive manufacturing technologies (SLA, FDM, SLS, LOM and DLP) are introduced, the advantages and disadvantages are analyzed. The potential future applications are also present.
Introduction
Traditional machining such as turning, milling, drilling and grilling has been around for many years and has helped human beings to build things. [1] Although the technology for traditional machining has evolved in recent years, it has a number of limitations. With the introduction of non-traditional machining such as electric discharge machining or electric chemical machining, the manufacturing world has changed and at present nearly all industrial processes require computers and robot technology. These processes stated all involve removing material from a larger mass of block to get the required shape of the final product. There are constraints such as fixtures and assembly for many traditional designs and their production processes which are often expensive and add cost to the production process.
Compared to traditional machining, 3D printing is a process of creating objects directly by stacking layers of material on each other until the required product is obtained. [2] The layers are stacked up in a variety of ways depending on the technology being used. This technology allows the design of complex components therefore avoiding assembly requirement at no additional cost. 3D printing being a tool-less process, significantly reduces the prohibitive costs and lead times. The printing process usually starts with the making of a 3D digital model. This model can be created using any 3D software programmers or by scanning the product using a 3D scanner. The model is then layered into slices and is converted into a file which is understandable by the 3D printer. The material processed by the 3D printer is layered according to the design. [3] 
Current 3D Printing Technologies
All 3D printers do not use the same technology. There are numerous means to print the layers so as to form the finish product. Some techniques liquefy the material or simply soften it to make the layers whereas others uses high powered UV laser to cure photo-reactive resin and "print" the object. Some of the 3D printing technologies that are most broadly utilized these days are Stereolithography (SLA), Fused deposition modelling (FDM), Selective Laser Sintering (SLS), Laminated object manufacturing (LOM) and Digital Light Processing (DLP). [4] The very first step to 3D print an object is to make a model of the object using CAD software [3] . The model describes the geometrical properties of the object. The CAD file is then converted to STL file format. This file format defines the external closed surfaces of the original CAD model. The STL file also includes the data for each single layer and can make calculations for the layers. The STL file is sent to the 3D printer and the printer is setup before build process, where settings include build parameters, like energy source, layer thickness, etc. The part is then printed by an automated process without any supervision. When printing is done, the printed part is removed and sent for post processing. After that, the object is ready for application.
Since there are different 3D printing technologies, the type to be used depends mostly on the kind of object to be made. Each of them has its claimed benefits and downsides. The next section explains each of the different processes in detail and gives examples of products that can be produced by each of them.
Stereolithography
Stereolithography (SLA) is recognized as the original 3D printing process. SLA is used mostly to create models, prototypes and patterns. Being a laser based process, it uses ultraviolet laser and a vat of resin to build parts. The laser beam marks the design onto the surface of the liquid polymer. Exposure to the ultraviolet laser causes the chains of atoms in the polymer gum to connect together. As the photopolymer resins react to the laser, it forms a solid part in a very precise way.
Stereolithography is most commonly used for prototyping as it is less time-consuming and it is relatively cheaper compared to other prototyping method. Nevertheless, the SLA process requires support structures for some parts mainly for those with overhangs [5] . These structures need to be manually detached during post processing. Post processes also include chemical bath to clean the object and subjecting the object in an oven-like machine to fully harden the resin.
SLA is one of the most accurate 3D printing processes with excellent surface finish and smoother surface than most other rapid prototyping methods. Smooth surface implies a great level of detail and the design is very accurate. Moreover parts can be printed in a very short period of time depending on its size and shape. SLA also allows different options when it comes to material. Although SLA can produce a large variety of shapes, it is often very expensive.
Fused Deposition Modelling
Another 3D printing technique is the Fused Deposition Modelling (FDM). This process is also used for making models as well as prototyping. 3D printers that run on this technology build a part layer by layer, from the bottom to the top by heating and extruding thermoplastic filament according to the 3D data supplied to the printer [6] . Each layer solidifies as it is put down and it bonds to the former layer.
FDM also works on the additive principle. The heated extrusion head extrudes little dots of thermoplastic fabric to shape a layer. It can travel in the horizontal and vertical directions by a numerically controlled mechanism. The material hardens straightaway after coming out from the spout.
FDM is cheaper than SLA as it uses actual plastic instead of simulating plastic like material by projecting laser on resin. Similar to SLA, printing parts in FDM requires supports for complex structures. Therefore parts printed by FDM also require some post processing. But compared to SLA, FDM process is less accurate. The process can also be time consuming for some particular geometry. Moreover, the material used in FDM is limited to thermos plastic.
Selective Laser Sintering
Another technology used by today's 3D printer is the Selective Laser Sintering (SLS). During this process, tiny particles of plastic, ceramics or glass are joined by heat from a high powered laser beam to form a solid.
The laser is traced across a powder bed according to the data file. The powder inside the powder bed is tightly compressed. The laser moves in the X and Y directions. The laser then hits the surface of the powdered material; it sinters the particles to each other to give form to a solid. When one layer is completed, the powder bed lowers in the Z direction and the levelling drum (roller) smoothes the powder over the surface of the bed. The laser then continues to trace and form the design required. The process repeats itself until the whole object is printed. The object is then left to be cooled down.
The build chamber needs to be completely sealed because it is necessary to maintain the temperature during the process to be the same as melting point of the powdered material. The powder bed is removed from the machine when the process is completed, and the excess powder is easily taken out of the printed object.
One of the major advantages of SLS is that it does not require any structure support for complex parts as needed in both Stereolithography and Fused Deposition Modeling. Because the part lies on a bed of powdered material, no supports are necessary. This advantage itself helps save material and reduces production cost. There is also no much need of post processing [7] . Moreover SLS is capable of printing geometries that cannot be done using other 3D printed method. Using SLS, parts with complex interior components can also be printed and there is no problem of removing supports and damaging the part. As a result, time is saved on assembly. Parts printed by SLS are usually very durable and robust. This technology now rivals those produced in traditional methods like injection moulding and are already used in many end-use application like automotive and aerospace.
Parts produced by SLS can be in different materials such as plastic, glass, and ceramics and with the advance in its technology it can also print metal. SLS is also widely utilized for printing tailor made products like hearing aids, dental retainers and prosthetics. Moreover objects printed with SLS don't necessitate any molds or additional tooling making it convenient for any user to print high complexity parts or particularly delicate object.
Laminated Object Manufacturing
In the method of Laminated Object Manufacturing (LOM), sheets of plastic or plastic materials are laminated or fused together by high temperature and pressure and then shaped to the required form with a computer controlled laser or blade [8] .
LOM 3D printer makes use of a continuous sheet of material which may be plastic or paper. A mechanism of feed roller spread the material along the build platform. The material is primarily coated with adhesive. When the laminating roller is heated and passed over the surface of the material, its adhesive melts and the roller press it onto the platform. A computer controlled laser or blade then cuts the material into the wanted form or pattern. Furthermore the laser removes any excess of material so that it is easier to remove the object when all the processes are completed.
Various Applications of 3D Printing
Aerospace NASA engineers drew on ingenuity and advanced technology. About 70 of the parts that make up the rover were built digitally, directly from computer designs, in the heated chamber of a production-grade Stratasys 3D Printer. The process, called Fused Deposition Modeling (FDM) technology or additive manufacturing, creates complex shapes durable enough for Martian terrain [7] .For its 3D-printed parts, NASA uses ABS, PCABS and polycarbonate materials. FDM, patented by Stratasys, is the only 3D-printing method that supports production-grade thermoplastics, which are lightweight but durable enough for rugged end-use parts. [8] 
Architecture Industry
Poly-Jet 3D printing technology produces astonishingly smooth, detailed architectural models in an array of materials, including rigid photopolymers ready for painting. [8] For models that must bear loads or take abuse, FDM Technology builds strong parts in production-grade thermoplastics.
Automobile Industry
One of Ducati's key challenges is to reduce time-to-market for new products by reducing the design cycle. To help meet this challenge, the entire design process is validated using FDM prototyping systems from Fortus. FDM (fused deposition modeling) enables Ducati to build both concept models and functional prototypes from ABS, polycarbonate and poly-phenylsulfone.
Consumer Products
Poly-Jet technology can produce models with exceptionally thin walls-0.6mm or less-ideal for small devices densely packed with minute components. Smooth finish and realistic colors make these models virtually indistinguishable from the end product. Prototypes often require a combination of rigid and flexible materials. Think of a helmet's hard shell and padded interior, or a pair of ski goggles with tinted lenses and rubber over molding. Only Poly-Jet technology can produce prototypes with multiple materials and colors in a single, automated build, so it's ideal for sporting goods designers with an eye for aesthetics. FDM Technology works with production-grade thermoplastics to produce parts with high impact strength and great durability. It's perfect for components that need to withstand tough and repeated functional testing. To capture the look and feel of your future products, only Poly-Jet can deliver fine details, smooth surfaces, playful textures, varied materials and vivid colors in a single, automated build process.
Dental Industry
APEX Dental Milling Center was one of the early adopters of CAD/CAM technology for producing dental parts straight from CAD design imagery. Instead of outsourcing production to CNC traditional milling techniques, the company then switched to in-house 3D printing. Having brought digital dentistry into the heart of its business, APEX Dental Milling Center has discovered that in addition to lowering prices, it can provide faster delivery times while maintaining its high quality standards. For APEX Dental Milling Center, any worthwhile 3D printing solution had to provide one or more business advantages, such as better products, shorter processing times or more accuracy. The company found all of these advantages, and more, with the Objet 3D Printer. APEX Dental Milling Center was impressed with the ease and speed of the Objet Eden260V 3D Printing System. The printed models produced on the Objet Eden260V delivered exceptionally fine details and an outstanding surface finish-all necessary for ensuring the high accuracy required by the lab's team and its dentist customers.
Summary
3D printers have many promising areas of potential future application. New 3D printing processes have reduced the time it takes for designers and engineers to conceptualize, create, and test prototypes. But for 3D printing to catch on the rapidly changing manufacturing industry, it will have to be seen by companies less as a fascinating technological upgrade and more as an everyday business decision. Some of the most promising areas include medical applications, custom parts replacement, and customized consumer products. As materials improve and costs go down, other applications we can barely imagine today will become possible. Perhaps the greatest area of potential growth for 3-D printing is in the medical field. As mentioned above, researchers are just starting to experiment with the idea of creating artificial bones with 3-D printers.
